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ABSTRACT

This paper comprises a review of the contribution of the
small- and medium-sized manufacturing business sector to the US
defense industrial base, the state of adoption of modern process
technology in small- and medium-sized manufacturing in five
industry groups, a review of the National Institute of Standards
and Technology's Manufacturing Technology Program and its
performance evaluation processes, and recommendation for features
of future DOD manufacturing improvement programs.
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SMALL BUSINESS MANUFACTURING - AN IMPORTANT COMPONENT OF

THE US DEFENSE INDUSTRIAL BASE

Section I - Introduction

Challenges in the US Defense Industrial Base

The end of the Cold War has caused profound global political

and economic changes. The resulting downsizing and restructuring

of global defense industries has left US strategic defense

planners with the difficult task of fostering the vitality of the

surviving US defense technology industrial base.

The defense technology industrial base is that alliance of

people, institutions, technological know-how, and facilities used

to design, develop, manufacture, and maintain the weapons and

supporting defense equipment needed to meet US national security

objectives. This base consists of three broad components: a

research and development component, a production component, and a

maintenance component, each of which includes private and public

sector employees and facilities.' The private sector consists of

the major defense contractors and their suppliers, which includes

small business manufacturers.

US defense companies, both large and small, have implemented

different strategies to adjust to industry over-capacity in the

shrinking market. These strategies include commercialization of

defense technologies, restructuring, consolidation, or even

abandonment of the defense business. Additionally, there is

intense competition between government and industry for their

"proper" share of the remaining research and development and

depot work. When this process of government and private

downsizing reaches dynamic equilibrium, it is crucial to US
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security that the resulting defense industrial base, (government

and industry, large and small business) be viable and capable of

meeting our future evolving defense needs. One certain outcome

of downsizing will be the increased dependence of the defense

sector on the commercial base for both production capacity and

technology advancements, particularly for common components where

a strong commercial market exists.

The Commercial Industrial Base

One aspect of the increased integration of the industrial

bases is the undeniable reality that a strong and competitive

commercial industrial base is vital to both US national economic

and security interests.

However, all is not well in the US commercial sector. The

US is experiencing greater competition in both foreign and

domestic markets for all products. US consumers increasingly

demand quality products of world class design, products which

incorporate timely innovations, and are supported by easily

accessible, comprehensive customer service. These demands are

often met by more responsive foreign suppliers.

One consequence of global competition is that there is a

growing US commercial reliance on foreign sources for goods and

services including those of high technology. Although US science

and technology remains world class, US industry has been unable

to exploit many commercial possibilities of new technologies,

e.g. consumer electronics, fax machines, and the copying machine

industries. As markets are lost, the US loses manufacturing

jobs, industrial capabilities, sources of export income, and

opportunities to expand its future technological frontiers.
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Without changes in tbp way government and business operate, this

declining cycle is expected to continue.

Goverment's Role in Promoting Technoloqy

There is general political acceptance that one role for

goveunment is to provide policies and programs, when needed, that

improve the operation of the private sector. There are number of

DOD programs that are structured to improve manufacturing

efficiency and competitiveness of the defense industrial base.

One successful program is the DOD manufacturing technology

program, or MANTECH, which focuses on improvements to manufacturing

technologies that support defense needs. MANTECH is credited with

improvements in the manufacture of composite materials, in

shipbuilding technology, and in turbine engine repair. It is

funded at $297 million for Fiscal Year 1993.

The latest DoD program is the Advanced Research Projects

Agency (ARPA) managed technology reinvestment program, whose

objectives are to facilitate diversification and deployment of

defense technologies to commercial processes and products. The

National Defense Authorization Act for Fiscal Year 1993, PL 102-

396, directed to the issues of national defense technology and

industrial base. It authorized $694 million for Fiscal Year 1993.

In downsizing the defense industrial base, one should not

overlook the need to improve the manufacturing capabilities and

commercial competitiveness of small business manufacturers as

future sources of defense hardware components. However, no defense

program is directed specifically to needed improvements in the

competitiveness of the small business manufacturing sector of the

defense industrial base. One non-defense approach to improve the
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competitiveness and productivity of small business is the National

Institute of Standards and Technology's (NIST) Manufacturing

Technology Program. This is a program with Fiscal Year 1993

funding of $15.7 million. The NIST program provides a useful model

for industry-government cooperation in improving the

competitiveness of the small business manufacturing sector of the

industrial base.

This Paper's Focus

This paper will focus on the contributions of small- and

medium-sized manufacturing business sector to the US defense

industry, the state of adoption of modern manufacturing process

technology in five indusry groups, a review of the NIST

Manufacturing Technology Program, and recommendations for features

of future DOD manufacturing improvement programs.

Section 2 - Why small business manufacturing is important

Small Business in the US Economy

The share of the US Gross Domestic Product (GDP) belonging to

the manufacturing sector is nearly nineteen percent, sharing with

the service sector as the leading sectors of the GDP. 2 Small firms

represent a sizable portion of US manufacturing. Small and medium-

sized firms (those below 500 employees) account for 35 percent of

the manufacturing work force. 3 In some important industries the

small business contribution is larger.

Employment growth in the small business sector is strong. The

U.S. Small Business Administration reports that for the period 1988

to 1990 job growth for all small business was 3.1 million, while

jobs in large business decreased by .5 million. In the

manufacturing sector the total loss of nearly 1 million jobs was

-4-



confined to big business while in the same period the number of

jobs in small manufacturing businesses showed a slight increase.4

Small Business in the Department of Defense

Surprisingly, small business provides between forty and fifty

percent of the dollar value of DOD procurement. Table 1 shows that

in the Department of Defense over 20 percent of the prime contract

dollars goes to small business. Table 2 shows that of the

remaining 80 percent that does not go directly to small business,

34 percent of that dollar value is subcontracted to small business.

Table 1. Department of Defense Primary Contract Awards for Fiscal
Year 1992 categorized by Total Business and Small Business for the
Total Department and for the Services. 5

ALL SMALL PERCENT
CATEGORY BUSINESS BUSINESS SMALL

($ Billion) ($ Billion) BUSINESS

TOTAL 117.2 24.0 20.8

ARMY 25.3 6.1 24.2

NAVY 38.2 7.6 20.0

AIR FORCE 33.7 4.7 13.8

DEFENSE LOGISTICS 7.3 3.0 40.6
AGENCY

OTHER DEFENSE 9.9 1.6 15.9
AGENCIES

CIVIL FUNCTIONS 2.7 1.0 38.3
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Table 2. Small Business Score Card, Percent of All Subcontracting
Dollars Awarded to Small Businesses by Large Defense Contractors,
Fiscal 1991.6

Company Percent Company Percentsmall Small
Business Business

Boeing 10.2 Martin Marietta 21.4

General Dynamics 38.4 McDonnell 15.8
Douglas

"-,neral Electric 38.9 Northrup 12.5

Grumman 30.0 Raytheon 51.8
Hughes Aircraft 42.9 TRW 37.2

Lockheed 3.9 United 46.1
Technologies

Large Defense Contractor Average 34.0

Section 3 - The state of process automation in US industry

Bureau of Census Findings

The 1990 report of the MIT Commission on Industrial

Productivity observes that, overall, US business has been slow at

adapting appropriate process technologies that are required to

remain competitive in global markets. 7 This is even more evident

for small business.

In the latest survey of manufacturing process capabilities

conducted by the Bureau of the Census in 19888, nearly 10,000

companies with over 20 employees were reviewed. The survey

covered the use of seventeen available manufacturing process

technologies in five basic manufacturing industries. This survey

is an indicator, although imperfect, of overall industry

modernization.
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The five industries reviewed in this survey are identified

by the standard industry classification (SIC) two digit codes.

They are: 34 Fabricated Metal Products, 35 Industrial Machinery

and Equipment, 36 Electronic and Other Electrical Equipment, 37

Transportation Equipment and 38 Instruments and Related Products.

A detailed four digit listing of the industry classification is

listed in Appendix A.

Table 3 summarizes the results. Surprisingly, nearly 24

percent of the companies surveyed used none of the seventeen

process technologies. Technology use varied among industries.

For example, computer use on the factory floor, an indicator of

computer integrated manufacturing, ranged from a low of 21

percent for Fabricated Metal Products, (SIC 34), to a high of 35

percent in Industrial Machinery, (SIC 36). Guided vehicle

systems exhibited the lowest use in all five industries, perhaps

indicating that this is either an inappropriate technology for

these industries or one that is not cost effective.

Table 4 shows that the degree of adoption of process

technology strongly increases with plant size. In addition to

utility, one consideration affecting technology acceptance is its

relative affordability, which increases with capitalization and

plant size. Clearly, the decision to invest $100,000 in new

technology has a greater impact on the survival of a small

business than it does on a larger business.

Nearly one-third of the Fabricated Metal Products (SIC 34)

plants used none of the technologies, which is the lowest

adoption rate of the five industries. As shown later, this

industry (SIC 34) has also the highest fraction of small plants.
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Table 3. Industry Use of Process Technology by Two-Digit Industry

Code. 9

34 3 5 36 I37 I38 IAve
Design & Engineering 35 6 7 3 A

Computer Aided Design 26.8 43.2 48.5 39.9 48.9 39.0

CAD controlled 13.1 21.6 16.0 16.6 14.6 16.9
machines

Digital CAD 6.5 11.0 12.8 10.0 12.5 9.9

Flexible Machining & Assembly

Flexible 9.0 11.0 11.9 12.6 10.8 10.7
Manufacturing Systems

NC/CNC Machines 32.2 56.7 34.9 37.3 33.6 41.4

Materials Working 2.9 3.6 7.5 6.0 4.3 4.3
Lasers

Pick/Place Robots 5.7 5.8 13.1 10.4 8.6 7.7

Other Robots 4.4 5.2 6.9 10.5 4.4 5.7

Automated Material Handling

Automatic Storage/ 1.0 3.6 4.9 4.7 4.2 3.7
Retrieval Systems

Guided Vehicle 0.8 1.7 1.8 3.3 1.3 1.5
Systems

Automated Sensor Based Inspection

Materials Receiving 6.7 8.5 16.2 12.7 12.2 10.0

Final Product 8.3 9.9 22.2 14.4 15.4 12.5

Communication & Control

LAN for Tech Data 13.4 18.5 24.9 22.0 25.8 18.9

Factory LAN 11.6 16.3 21.1 18.7 21.3 16.2

Intercompany Computer 14.9 12.4 16.2 21.7 13.8 14.8
Network I

Programmable 26.8 33.9 38.0 32.0 32.7 32.1
Controllers

Computer Used on 21.1 28.1 34.5 27.4 32.3 27.3
Factory Floor

Note: The report did not prorate non-responses.
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Table 4. Use of Technologies by Industry Group and Plant Size10

Technologies Used None At Least 1 5 or More

Employment Size

20 to 99 30.5 60.9 13.2

100 to 499 10.1 83.2 27.4

500 and over 1.5 93.7 1 79.4

SIC Major Industry

34 Fabricated Metal 32.6 58.6 17.0
Products

35 Industrial Machinery 18.1 75.6 23.1

36 Electronic Equipment 17.1 73.4 30.1

37 Transportation 28.2 62.7 28.7
Equipment

38 Instruments 21.3 72.3 25.8
Note: The referenced survey aid not prorate non-responses.

Table 5 shows that in each industry, companies with 500

employees or less account for over 97 percent of the plants. The

small business share of total industry varies greatly among the

five industries. However, in the Transportation Equipment

industry (SIC 37), which includes both automotive and aircraft

manufacture, small business suppliers account for only 4.9

percent of the sales with 7.9 percent of the employment. In

Fabricated Metal Products (SIC 34), small business represents the

largest percent of the sales and employment, 54.5 percent and

59.2 percent respectively.
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Table 5. A Summary of Business Statistics for the Five Industry
Groups.

sIC 34 35 36 37 38

Total Industry Data

Companies 31,181 47,465 12,818 8,727 8,407

Employees 1,363.7 2,101.7 1,630.0 3,081.8 1,389.9
(Thousands)

Payroll 31.7 60.8 40.6 101.6 40.3
($ Billions) I I

Sales 130.0 207.7 153.2 459.2 135.7
($ Billions) , I _ 1 _1

Industry Data for Companies with 500 em loyees or less

Companies 30,916 46,748 12,505 8,527 8,225

Employees 806.9 869.9 462.1 244.4 229.6
(Thousands)

Payroll 17.4 21.3 8.9 5.1 5.4
($ Billions) I I II

Sales 70.8 71.7 34.3 22.3 19.3
($ Billions) I I I I

Percent of Industry with 500 emplo ees or less

Companies 99.2 99.2 97.6 97.7 97.8

Employees 59.2 41.4 26.1 7.9 16.5

Payroll 55.0 35.0 21.9 5.0 13.5

Sales 54.5 34.5 22.4 4.9 14.2
Note: Total industry data is projected from the survey sample.

Table 6 is a summary analysis of census data providing a

macro look at measures of change in average productivity with

factory size. There are two productivity measures: sales per

employee and payroll per employee. Average sales per employee

varies among industries, representing, in part, industry

differences in the portion of purchased material used in their

final products.
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Review of Table 6 shows two features of interest: (1)

productivity, using either measure, increases with plant size and

(2) the most technology rich industry, Transportation Equipment,

(SIC 37), shows the highest average salary, while the least

technology-adopting industry, Fabricated Metal Products, (SIC

34), shows the lowest average salary.

Table 6. A Summary of Average Productivity Measures for the Five
Industries Over the Range of Plant Sizes.I1

Number of 34 35~ 36 37 38
Employees II__ I I

$ Sales / Employee
I to 49 80,439 70,088 77,496 87,425 80,091

50 to 99 85,754 85,796 76,365 88,576 83,049

100 to 249 95,247 94,703 79,339 96,891 89,375

250 to 499 98,886 103,580 90,147 92,661 84,686

500 & over 106,322 110,372 98,744 153,957 100,284

Average 1 95,349 98,817 93,997 148,997 97,616

$ Payroll / Employee
I to 49 20,395 22,769 20,198 19,723 22,870

50 to 99 22,369 25,929 21,050 201889 23,161

100 to 249 22,539 25,941 20,537 21,753 24,059

250 to 499 23,320 26,297 22,085 21,593 24,627

500 & over 25,610 32,131 26,348 33,997 30,095

Average 23,232 28,950 24,917 32,960 29,029

In the 1988 survey, over 42 percent of the responding

companies reported that they did business with the defense

sector. The reported use of the process technologies was higher

for these companies than for the total, with 82 percent reporting

using at least one technology, versus 76 percent for the whole

sample.
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Table 7 (below) shows this trend at the process technology

level. Companies that identify the government as their major

customer have higher technology adoption rates than those

companies supplying either the consumer or commercial sectors.

One may conjecture whether the DoD acquisition requirements and

processes fosters the growth of higher technology companies, or

whether only those companies that have the assets to acquire

technology have the capability of also dealing with DOD or its

prime contractors.

SUMMARY

Nearly 50 percent of DOD procurement is with small business.

Companies with 500 employees or less are a major component of

commercial manufacturing plant and sales. For the five

manufacturing industries reviewed, businesses with less than 500

employees represent over 97 percent of the companies and over

$215 billion in total sales.

On the average these businesses are less productive, with

average productivity decreasing with decreasing plant size.

These companies are also less modern, as measured in the rate of

adaption of modern process technologies.

Companies that report doing business with either DOD or

government indicate a higher use of process technologies than do

the average companies. The reason for this effect is open to

conjecture.

All government and DOD initiatives to improve US

manufacturing productivity and competitiveness should include the

needs of the important small- and medium-sized manufacturing

sector.
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Table 7. Percent Use of Selected Technologies by Market for
Most Products

13

Consumer Coa- Govern Ave-
_ _ I nercial __ment _ rage

Design a Engineering

Computer Aided Design 27.6 49.1 57.0 39.0

CAD controlled machines 9.7 19.3 30.1 16.9

Digital CAD 8.8 13.2 1 17.8 9.9

Flexible Machining & Assembly

Flexible Manufacturing 11.8 13.8 12.7 10.7
Systems

NC/CNC Machines 23.9 41.7 62.0 41.4

Materials Working 3.6 5.2 10.4 4.3
Lasers

Pick/Place Robots 12.5 8.7 10.1 7.7

Other Robots 7.3 5.7 8.4 5.7

Automated Material Handling

Automated Storage/ 2.7 4.5 5.9 3.2
Retrieval Systems

Guided Vehicle Systems 1.9 2.0 2.0 1.5

Automated Sensor Based 10.2 11.5 19.2 10.0

Receiving Inspection

Automated Sensor Based 11.0 14.4 23.0 12.5
Final Inspection

Communication & Control

LAN for Tech Data 16.1 24.4 28.8 18.9

Factory LAN 17.2 22.0 22.8 16.2

Intercompany Computer 17.5 16.4 13.9 14.8
Network

Programmable Controllers 34.5 34.3 39.4 32.1

Computer Used on Factory 27.1 33.0 41.0 27.3
Floor
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Section 4 - NIST Program - Manufacturing Technology Centers

Manufacturing TeGnnology Centers: The Concept and Its Legislation

One successful government program to improve the efficiency

and competitiveness of small manufacturing businesses was the

establishment of regional manufacturing technology centers by the

Japanese government following World War II. These centers

provided small businesses with technical support on a range of

manufacturing problems. The concept gained wide acceptance and

today there are over 170 centers throughout Japan.

A prototype manufacturing technology center program was

begun here under the Omnibus Trade Act of 1988. Title V,

Subtitle B, Part I of Public Law 100-418, of this Act is known as

the "Technology Competitiveness Act". It authorizes the Director

of the National Institute for Standards and Technology (NIST) to

provide assistance in the creation and support of Regional

Centers for the Transfer of Manufacturing Technology. These

Centers are affiliated with non-profit organizations. The

objectives of the Centers are to enhance productivity and

technological performance in US manufacturing through

(1) the transfer of manufacturing technology and techniques
developed in the Institute to the Center and, through them,
to manufacturing companies throughout the United States;

(2) the participation of individuals from industry,
universities, State governments, other Federal agents, and,
when appropriate, the Institute in cooperative technology
transfer activities;

(3) efforts to make new manufacturing technology and
processes usable by the United States-based small- and
medium-sized companies;

(4) the active dissemination of scientific, engineering,
technical, and management information about manufacturing to
in industrial firms, including small- and medium-sized
manufacturing companies; and
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(5) the utilization, when appropriate, of the expertise and
capability that exists in Federal laboratories other than
the Institute.

The activities of the Centers shall include -

(1) the establishment of automated manufacturing systems and
other advanced production technologies, based on research by
the Institute, for the purpose of demonstrations and
technology transfer;

(2) the active transfer and dissemination of research
findings and Center expertise to a wide range of companies
and enterprises, particularly small- and medium-sized
manufacturers; and

(3) loans, on a selective, short-term basis, of advanced
manufacturing equipment to small manufacturing firms with
less than 100 employees.

The Secretary of Commerce is authorized to fund a Center for

up to six years. For the first three years federal funding is at

level not to exceed either $3 million or 50 percent of the

Center's capital, operating and maintenance requirements. The

Center and its sponsor provide the remaining support. During the

third year, the Act requires that an independent review board

assess each Center's performance against the objectives of the

Act. If the evaluation is positive, the Secretary may continue

funding at declining levels through the sixth year. At year

seven, each Center will be self supporting.

ManufacturinQ Technology Center Program Implementation

There are currently seven Manufacturing Technology Centers.

The Centers serve client needs that are unique to their

particular regions. They provide services such as in-depth

assessments of client business operations, aid in selecting and

implementing new technologies, technical service, project work

and training.
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Each Center is required to report quarterly on its

accomplishments, program and personnel changes, marketing,

budgets, and general program information. Center accomplishments

include technology transfer, training, demonstrations, projects

involving industry/user collaborations, patents and inventions,

publications and presentations, and equipment and facility

acquisitions. Program information includes an evaluation of the

economic benefits realized by the industrial clients. The

centers are listed in Table 8.

Table 8. The National Institute of Standards and Technology
Manufacturing Technology Centers.

Center Location Founded Region Served Major
SIC

Northeast Troy, New 1989 New York, 34XX
Manufacturing York Massachusetts, 35XX
Technology Pennsylvania,
Center and Maine

Great Lakes Cleveland, 1989 Ohio, 34XX
Manufacturing Ohio Pennsylvania, 35XX
Technology Indiana and
Center Great Lakes

Southeast Columbia, 1989 South Carolina 24XX
Manufacturing South 308X
Technology Carolina 36XX
Center

Mid-America Overland 1991 Kansas and 34XX
Manufacturing Park, Kansas Kansas City, 352X
Technology MO area 372X
Center

Midwest Ann Arbor, 1991 Michigan 3429
Manufacturing Michigan 371X
Technology
Center

California Torrance, 1992 Torrance Area 376X
Manufacturing California
Technology
Center

Upper Midwest Minneapolis, 1992 Minnesota 308X
Manufacturing- Minnesota 34XX
Technology 35XX
Center
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Table 9. Year end Summary of the Activities of the Great Lakes

Manufacturing Technology Center.

Activity 1989 1990 1991 1992

Manufacturers 1,254 1,601 2,028 675
contacted

Projects started 151 332 94 154

On-site 9 16 26 29
assessments

Workshops, 16 18 20 37
seminars and
forums

Companies using 0 0 142 118
demonstration
facilities

Federal 1 0 NA NA
technologies
transferred

Estimated 10 80 34 74
company benefits
($ Million)

Table 9 summarizes the services provided by Great Lakes MTC,

which are typical of MTC activity. In 1991 the Government

Accounting Office reviewed the performance of the first three

centers for the first thirty mornths of operation. The 1989 and

1990 values of Table 9 are taken from the GAO report."1 The 1991

and 1992 values were provided by the MTC. NIST reports that for

the first three centers, the clients reported a total dollar

benefit to their companies of $226 million from 1989 through

March 1993.15 This is an unusually high return on the

government's investment, greatly exceeding the government's

maximum annual contribution of $9 million for the three centers.

The major benefit of the program was not that it succeeded

in transferring the latest technologies to the client, but that

it provided the appropriate, and generally low technology

solution that satisfied the client's immediate needs.
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Xanufacturina Technology Center Program Evaluation Panel

As required in the law, an independent panel is selected to

review the performance of the program and its centers and to

report their findings to the Secretary of Commerce. In 1992 the

Third Year Review Panel1 6 recommended "that NIST, in consultation

with the MTCs and others develop, develop criteria for evaluating

three areas (1) MTC performance; (2) agreed-upon methods for

evaluating the effectiveness of both individual MTCs and the MTC

program; and (3) standardized means of describing program

activities. These program-wide tools might include the

following:

Measures for assessing the needs of small- and medium-sized
firms for advance manufacturing technology and technological
assistance.

Measures for assessing the needs for new and existing
manufacturing technologies so that MTCs can identify service
delivery priorities among clients, industries and regions.
MTCs can identify service delivery priorities among clients,
industries, and regions.

Measures for determining the rate of adoption of new and
existing technologies by MTC clients.

Evaluation methods, including specification of control
groups, for identifying the MTC's contribution to the
technological modernization of their clientele.

Standardized formats among MTCs for assessing the benefits
of their service to clients.

Criteria for establishing and evaluating an MTC broadened

beyond federal technology." 1 7

As a consequence of these recommendations of the independent

panel, NIST established the NIST/MTC Evaluation Working Group to

develop the standardized reporting tools. NIST and each MTC had

representatives on the Working Group. The products of this

Working Group will be discussed in the next section.
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The Third Year Review Panel recognized that, in practice,

productivity gains for the clients were normally achieved using

proven technology that was appropriate to the problem. The

transfer of advanced technologies, emphasized in the current

legislation, did not meet the immediate needs of most small- and

medium-sized manufacturers. Major productivity gains were often

achieved-through the application of low cost, low technology

solutions.

NISTIMTC Evaluation Working Group Proposals

The report of the NIST/MTC Evaluation Working Group is

summarized bere.18 The goal of the Working Group was to develop

a systematic evaluation tool to monitor the performance of each

MTC and its impact on the clients served. The tools are (1)

Center Performance Measure, (2) Client Valuation of Center

Impact, and (3) Client Performance Measures.

The Center Performance Measure requires all MTCs to report

their performance quarterly in the new standardized format. In

addition to financial and staffing reports, each MTC provides

statistics on services it provided and on the technical

assistance it provided (subdivided by category.) The quarterly

report summarizes the number of site visits, initiations of

informal no fee client contacts, formal client operation

assessments, new technical assistance projects, number of sites

served and the number of employees at each site, attendance at

MTC sponsored training events, and the MTC proposal "hit rate,"

or projects initiated relative to total projects proposed,

expressed in terms of both dollars and number of proposals.
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The report records frequency of service provided to clients

for a number of technical categories. These include CAD/CAM/CAE,

EDI/Communication/LAN, Business Systems/Business Management,

Environmental, Quality/Inspection, Plant Layout/Manufacturing

Cells, Automation/Robotics, Control Systems/Integration, Market

Development, Material Engineering, and Quick Changeover/Setup.

When a project is completed, the second report, Client

Valuation of Center Impact, is submitted to the MTC and

summarized in the subsequent quarterly report. The client

provides the MTC a voluntary, subjective evaluation of the annual

benefit that it saw from the MTC service. Six standard measures

are requested for the MTC project(s): changes in annual sales,

changes in investment, capital spending avoidance, changes in

inventory relative to sale levels, changes in labor and material

costs relative to sales, and the number of jobs created, saved,

[or lost).

Because the client may not have specific values for these

measures, the client's subjective judgement is accepted as

adequate for the survey. The evaluation form also provides the

client with an opportunity for open-ended reactions and a

subjective overall evaluation of the project's value. When a

client provides partial survey results, the MTC is encouraged to

extrapolate the results to complete the response. One potential

issue is that lacking a rigorous consistent standard for the

evaluation of savings, the MTC's "Estimated Company Savings"

value should be used with caveats.

The third evaluation report consists of the Client

Performance Measures which are submitted annually by clients that

are actively served. The NIST/MTC Evaluator Working Group

- 20 -



selected a limited number of objective measures that they

anticipate to be both easily available to the clients and

sensitive to the results most clients expect. The Client

Performance Measure establishes a baseline of the client's

performance for the year prior to service, and compares that to

the performance during the year following the project.

The nine measures of performance selected by the working

group are (1) Scrap Rate (Scrap Dollars/Sales); (2) Number of

employees using computers, or programmable machine controllers,

at least weekly; (3) Overall inventory turns (sales/inventory);

(4) Sales per employee; (5) Manufacturing lead time; (6) Total

sales; (7) Export sales; (8) Employment; and (9) Average payroll

per employee.

Section 5 - Consideration for non Quantifiable Program Benefits.

The NIST measures of company performancc meet the dual

requirements for measures that are easily accessible and

sensitive to the likely desired service results for the client.

The effort of the Working Group has been thorough and its

selection of a limited number of quantifiable benefits is

comprehensive.

Additional useful insights, however, could be easily

provided by including a short list of non-quantifiable benefits

that addresses additional aspects of the MTC service. Following

an extensive review of the literature referenced in the

bibliography, I propose an additional survey instrument, which is

found in Table 10. These are common features seen in those

companies that compete effectively in the global market.

Addressing these features provides focus for companies that are

striving to improve their overall competitiveness. Table 10
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Table 10. Proposed Non-Quantifiable Measures for the
Manufacturing Technology Program for inclusion in the Client
Progress Measures.

PRESENT
ATTRIBUTES (Yes/

No)

PRODUCTION PROCESS

INCREASED FOCUS ON PRODUCTION PROCESSES

IMPROVED PROCESS FLEXIBILITY

INCREASED PRODUCT VARIETY

DECREASED LOT SIZE

ADOPTION OF BEST MANUFACTURING PRACTICES

CONCURRENCY IN PRODUCT DESIGN AND PROCESS
ENGINEERING

REDUCED REWORK

REDUCED INSPECTION

EMPHASIS ON CONTINUOUS IMPROVEMENT

IMPROVED PRODUCT QUALITY

LABOR / MANRGEMENT RELATIONS

EMPLOYEE EMPOWERMENT

REDUCED DIRECT MANAGEMENT INVOLVEMENT

INCREASED WORKER TRAINING PROGRAMS

USE OF WORK TEAMS

OPERATIONAL PERFORMANCE MEASUREMENT/REWARD SYSTEM

IMPROVED EMPLOYEE MORALE

EXTERNAL MEASURES

IMPROVED SUPPLIER COOPERATION, DELIVERY, QUALITY

REDUCED ORDER SHIP TIME

INCREASED ON TIME DELIVERY

EDI LINKS TO CUSTOMERS/SUPPLIERS _

IMPROVED CUSTOMER SERVICE

OVERALL INCREASED CUSTOMER SATISFACTION

IMPROVED ENVIRONMENTAL QUALITY
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lists these factors in a simple to use format. These elements

address improvements in production processes, labor management

relations and external measures.

Section 6 - NIST Proctram Summary

The NIST Manufacturing Technology Program effectively

addresses one major shortcoming of the industrial base -- the

need for productivity improvements in the small- and medium-sized

manufacturing business. The program is well structured to

provide a range of consulting services at low cost that have

resulted in significant client benefits.

The overall structure of the Manufacturing Technology Center

program has a number of valuable management features that can

provide a useful model for any future related DOD programs.

The low rate of program growth provided NIST with the

opportunity to easily make early program adjustments and obtain

the maximum benefit from lessons-learned. The program's cost-

sharing and sunset provisions provides a self limiting number of

pre-qualified extension center sponsors who demonstrate their

commitment to the program objectives through their initial

financial participation and their later obligation for future

self sufficiency.

The MTC service is focused on first gaining a thorough

understanding of the client's problem, processes and resource

limitations, e.g. equipment, manpower, and financial. With this

understanding, the resulting proposed actions often require

minimal capital investments and result in high pay-back returns.
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Consistent with the program goal of productivity

improvements, NIST seeks to limit and simplify any necessary

program reporting requirements.

Another useful feature of the program is the Review Panel of

outside experts which provides valuable feed-back for continuing

improvement in the operation of both NIST and the Manufacturing

Technology Centers. Implementation of the Review Panel's

findings as a joint NIST/MTC team action produces team ownership

of both the issues and their resolution.

An additional evaluation tool is proposed to survey the

presence of desirable non-quantifiable features that are found in

global competitive companies that also provides a useful

questionnaire for MTC client interviews.

Section 7 - Conclusions and Recommendations

US global competitiveness in technology and manufacturing

are key elements to its future economic and military security.

One result of the ongoing downsizing of the defense industries is

that in the future US defense needs will rely more heavily on the

commercial industrial base for technology, capacity and

flexibility. Small and medium-sized manufacturing businesses are

an important component of the industrial base and represent

between 40 and 50 percent of DOD procurement.

In five major industry groups studied, small and medium-

sized manufacturing businesses have a significant share of both

employment and sales. These sectors are less efficient and less

modern than the industry average. Current manufacturing

technology practice in small- and medium-sized companies require

significant upgrading to meet the competitive demands of domestic

and global markets.
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The National Institute of Standards and Technology

Manufacturing Technology Program provides a valuable model for an

effective government-industry partnership for future DOD defense

base improvement programs.

In a period where the Department of Defense is taking a

leading role in the management of technology reinvestment

programs, the defense contributions and needs of small- and

medium-sized manufacturing business should not be overlooked.
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APPENDIX A

STANDARD INDUSTRY CLASSIFICATIION

FOUR DIGIT CODE DETAIL DICTIONARY

34 Fabricated Metal Products
35 Industrial Machinery and Equipment
36 Electronic and Other Electrical Equipment
37 Transportation Equipment
38 Instruments and Related Products
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36519- ineanl omnbutlton engis, , x .................................................................e.
3511i Gsoww and Gas-gaso-sne enners ........................................ . .....................
35133 Dal.• idast o out- eu ..........................................
35194 Dasal sa oel. . and Ia lu 4 

engms (somoveP..........................................
35195 OUMC" r, 4,ftleff, o ) .............................................................
35196 Na osi gas igmes (exa k" 9 tuesa ......................................................
3SlI? Tank (1bc, - as o u, ine) aon con,,noc oem' -, - - ,hores .................................
35199 Paers end acnones fr ,momne , domt w ,in . ..............................................
35W10 amin arn :oustio ang k'es. nre.€., rLs Ii. .........................................................

3523- Frm m andequipmen ............................................ ......................
35231 whom vsltors ane ans. imenls- .................................................................
35232 Faom deay emcumeii. aoavs. ea" . and blowers --------------------------------------------
35=23 Pwding. secd ;. and Ian•-.no9 ,tery" ........................................................
35235 Waew Mawey. ecew, he, ano w.......................................................35ZIG " msnne ..............................................................................-
352=0 Plows. harrows. ro"eM. W reaws. c6m,,lsos. and Weera ........................................
35235E A1 Cow taom man0wry ang eouupmn -------------------------------------------...............
3523 Peut9or f ,,nef ....................... . ............................. .. - .. ------------
323F Conmmerial tuW and cbrownos dale emornent ...........................-----e---....... . .
35230 Form nauey ena ooient. s,- .........................................................

3524- Lawn an d garden eqauement ........................................................ .....
32,4l Consumew tor W m ,g l ln oon one s e ........................ . ........ . ........
352, Conkun non; awn. pr.oen. an, sno, eoouomomn ...............................................
3 S 2 4 P a s a n d a m a rm e n ts 1 W ' c a r s ~ 4 n , . 9 a V O e n . a n d sn o w O . . . . . . . . . . . . .. . . . . . . . .. . . . . . .
35240 L n and aen eo ane, -rs k .............................................................

3531- Colbtedft maachner ................................ o. ooooo................................
3531A Cionosors" ff.ghway Ie -nee: a.-for ...................................................
35313 • wW nce ............................................................................. - ..
3S310 Tracso shove io r ......................... . ...........o...................................
3531E Power mWnes. deglua. an• shove' ......................................................
3S3F mom pevers. andria teoment tencluorn; Pan) .................e - -............m.... -a-s-
3531G Srapmp gra6m. TM . n oft-.hghwy ...............................................
3 .31" CovsfAmin machinery for "Ounts on 05,Ws and cow prooe -o ....................
3S31K Consrucon machinery. .a..........................................................
35311W P t e ......................... ......... ..n. -.n... -----
35310 Contr.ucon ruaene y. n-s k . . . . .............
352 N di rach w ............................................. ... ........................ ... .
35325 Underrn m me=hry ....................................n............... n.. - ......
35326 Minei processing and benelsoit n-umtn ........................................... ........
3S327 Cirashing. pulvermN. 51 sreening machnery' .............. . . . ...............
3S321 Dd an all ot Rling mane, r..4 ....................................................
35329 Pan and atota ments for rnenng ma8'ner and aQu w t ....
35320 Metg machinery. 1 ....... . ................................ . . ..............

353- 09 and gas fold machinery ..................................................... .. .....
35337 Rotay ,lmq maorwiery oan eaomert ..................................... ....
3s33 Other doog machinety and eQu . .- .. ..
33 O %wl and pas fio production man• o•netY Sld eni............
I,33A Ponwe or" not and pans .......................................
35339 Dontum and wl slve machow ............................. ....................

3 30 an gas fiel machineiy. n.k ........................... ...........

3S34- Eievtoms and moving stairways .............................................. ............
35341 E ietots and moi so szt•,rwis .........................................................
3W342 Pain and asttachments tar elev• ors an• movin starways (socid sepoefly) .........................
35340 leaous and fov,." stai-w .si. n .-. ................... . . . ........ ........

3S35- Conveyers and conveying equipment ...................... .................................
3S353 Unk nan t w nveo one wonveoy; systems. escat ham1 and fanm elwr-s ...................
35354 Paen for Una hnd€nc convyor ................................................... ...............
35355 buak malWAI -arh; Ctrv, M ..................................................................
3535 Partlt l matanal handhl nvg o.l .....................................................
3550 Cadnveydn and co",,ev% ez mem m$. ...................n......................................

303. Hosts, cones. and monorails .....................................................................
-3c H ft* .

. . . . . . . . . . . . . . . . .. . .  
... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

36M Overhead 5'selkn craners an"d mon"n sstems ..................................................
3S37- HaSft.a crnes. and morwwS.r.s. ................................................................

3537?3 Industrial trucks and tractors ....................................................................35 In74 aflt v=•ius tal €a ......................................................................35374 Pa'ns for O" rIna fucks &I.'.- 1"i.'lV1 .............................................................
35370 W il tucks and MOMt"cs. F.1 6 ................................................................

3541- MachInse tools. metal cutting typ es ................................................................
3541D g macr n Oes: ............................................................
35413 GMT cutling maclnes3 .........................................................................
3S414 Gr, n g. poisla-n. trul;n. n; an: Sco"i mnng s: ..........................................
35415 L~, ----....................................................................................
3546 Ml ma ns

3
pf,.1ON .....................

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

354A- m. I rin; een•$3 ..............................................................................
354 19 StAbon tye mac.--vnes ...........................................................................
354,1C Motl cumnm; macl•n• eo, '. f€ : .........

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

35410 Machine toctseo& VeO 70-.24il ICY hrI wO',lSns ...............................................
35413 Parns for metsa: c€,.io T:e msnie 1=1 ..........................................................
35410 Maetans 1001%. D W, •II , y=es I I , ..................................m.................. .......
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Code

35 INDUSTRIAL MACHINERY AND EQUMIPENT-Con.

3542- Machine to",s mertal formting types ...................... .---------
354211 Pwtdricg. Sheatring. bern one aia Irmfri macrilesa .------------------------

35422 Presses. except lt"rin aric dine-i ciig ----------------------------------
35423 Ovwa meta tort"~i macren. loo. it ex -----------------------------
35424 Pants to metal toiwrg nwiacri too------------------------s-------
254M0 Macie tool, metal tamixng types. r,.&.k -----------------------------

3543- Is ablwewl pattlerms .............................................a.tr n s

254`6 Speecial ding. toolo. pins. and fitur&-------t---------------------------
35441 Speial die and too"s ine Sells. Ps aria19O ......................... ......
35&42 tiUNK t CMot arm mocboes ...... o........... e s......... .......
354D Specale dines, tools. pps. aro ia lu~es. r.. k ............................

3545- Machine too accsoie....... s......... o................. ......
35451 smrra culing lools In, mnacrfMe tone a ,%ri ntowl"okt m a c h te................. .....
35454 Marein tool atanmentsM a"0 aCCessoriel. I. #. ............................
35455 Precison meuasuvrig tools.............................. ........
35A50 Marhie too' aCMeswral. n S k ...................................

3565- Power wansiarrraiaf equipmenrt. rle.c .....................------------
35631 Plain beanrng arid ouspriris......................... ..........
3563 Mechanica po-er rarisrnasior' ectuimnerr. et...................... ------
3563 Power varisrnses~r, i eaprremi. r~ca.. riill......................... ...

5563- Generall Induabtal ma*chinerfy. ".ce.c.................................
3568 Fitrs for hrdraulic aria Oerieurittc IktaC 00o11erS ae.'.................. ...
3563 ftsoand ra mrfrers. escepi fliffc poo-we...................... ........
35687 mridAbra robots. attachmefts a&Ma pals ...................
3563 Dow general ainousma macreriery. rie~c. ......... -------- ---
3563 General industrial monacriry. n~e~c.. "A------------- s------. ---- ----

3571- Elecrnbc comptuters ....................-------- --------
357111 Comptes lesalucirei; -om roe sos poershual. aone Parts)o ..... ....... ....
35712 Parsam to csrsiueMrs ............... .. ............
MI5710 ' Etwtc ompruters. rls.sk.............................. .. .....

3572- Comtpostor aitorage Gevices .......................... ... ...
35721 Cantpuser stiorago eoaypmerit ausrx .............ll.aay........... ....
357n2 Part fw oer C rte Mastae eCU~ment. WAIlkly" ....... .. .. .......
35720 Conputerinorge devices. rrsL............. -5-. ------- -----

3575-- computerw twrillwala .............................. ........
25751 Cwrpner ternrinals3 ................... ...........
35752 Parts for. comiputer ieormrriats, ..................
35750 Ccrrpseir itrraritni" r5.k ................ ... ....

3577- Computer peripheral equipmernt nc. .c................................
35771 COttPOte pertrreral etumente. ne-c'3............----------.........
35772 Parus fam Wtrpjtfo opnersreal equionme. nretc.: 6 ...............i .... . . . ......
25770 Cooarpkno perstteral eoucpinert nc- r. n..b......................
3578- Callmkadri arid accourttirig equipment........... ......- ---------
35731 Accourolt mieotte aric cash regtienst .............- ------------ ---
35732 Caisitoortss'............................................... ................
3671 Partsfor calcutatnrg arid acoo."turg trisenfogs.........................................-
35730 Casaticu g aria acc-ootiiini machaines. n-.sL.k............................................

3S79- Office meaoltilas. "xe ................................ . .... .------

3573 AutomaIc' tpng ari e wr. pocestan rivecfwriesi ---. . .-------. . .............
3573 Oisticotbing; mactines'.................................. .. . ........
3573 Malling. letter rmidhrri. ari adcdressinrg mach ....es ...................... . ............
3573 Starr Ia typewriers aria onlce mactwes. 1`.41.0 .......................................... .
3579A Part for oft-A machines. ite.c.' ............................... .. ........
3573 Ofi~ce matchines. rz.e.c.. ft.sL.*........................................................

3541- Automaiti # erchandiWin vending machines ......................... ............ ....
26111 Autoativnlc: mercriaridrsmg mocitnes'................................... .........
356112 Cair~iperatoo: mectierisrr arnd pans to- airorrtaic trierdundren rme, 1i ----.............
35610 Autlomnalic match ridisi ; macnilesnk. r.s ...... .................................

3592- Commercial lauttdry equipmem .....t..................................................
3520 Cotmermais anory ..................... .........................-.........

311515- Retripaerutian and hea" e11810111,111........ .en.................................
25351 Meat bande eume. .................................. . . ..----------

351152 Urinary .r........t...............................................................
351163 Carmywercial retrierao's ar arlwetec etucimerit..............................................
35354 Cooriressors anc: comptressor. tuns. al: letriplirartss'...............................
35855 cergrt oncoiersisng units lacomivitee)i ....................... ...................
351156 Proti ain..com oones ara etturiers................................... ............
351159 Pelligeratrr aria or. ipliroririg eausm ............. . ......................
3585C warm air tumrices. rirrdifs. arid elle-rc: ov dombort eating equip tiert ..........................
35650 Partslaaicoitenr. relrgersor.aic nratirg equipmenL ..................................
35650 r~illigeataiorr aria notation ecurOMeri.%. n...................................................

35w- Masaurllng and dispensaing pumps.........................................................
35860 Mossuwrm on aris rpesrrg pumps.........................................................

3565- Servwice Industry machne ry. rec.a..........................................................
35631 Coommersal coosri; ari: toc -awrrhng VClipmerrt............................................
35383 Commwercial ar: ia rusiro. 'aciturr clearrert .....................................
35332 So. ros industry Mracm-tn ,e r'e~c.. aria :a-* ....................................
3563 Ser vice vindustry rnacri~ey, r.e a.. ni:*...............................

3232- Carburetors. pistons. rings. arno valves ....................................................
35821 Cafrburtorls, nill an.: mlor ..............................................................
3582 Petorie. pimn.tr Mins. ara P-slon pinns ine'rvi) ...............................................
35923 Valves (engin Milrr J.4 aria M x .a..........................................................
35M2 Carburetors. psomr. rnfts a"- vaowes, s ................................................
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35 INDUSTRIAL MACHINERY AND EOUIPMENT-COn.

33- FI, I of cylles mW acmm ................................ -h---- d ------------------
352 21WWM "n tneMC WWWDAw an ,'d WO I WWI ............................

32522 Pue 1w lor&A c at as coY we avmmd tome ...................................
32 5 6 2 F l i d p - a , c b , i o W O a cn d a g l a W s . L . . -.. . . .. . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . .. .

MW- rdo p rww pun** a d ow . ................ ....................... . ..............
35I41 #%a 1, pumps..O mm and tI, 1usb ta.wm * WA m' --- -...........................
25 Prmu Wi auam , ,wm 1w *Ad power pumaI.. vom,'n. and I',• mm@c ..................
35260 Fkl pwow ums and mw'm, L.k ...................................... ..................

36- Si I I e *a ll , o . ................... . ............... ......... ............
35961 vo w and ,adusv scomw ...................................................................

6 Agul. mnw ,WdL horhofi. a" a .md; m ..................................................
252 Pam n. lvmm . and 0=0isiras Ip mii. and b ...b.s. .................................
25960 Saft and bWcu excV aboay, nes. ......................................................
35w - Idb iu a,, to wmw a ,, 2mle . rLex".......................................................
325 2mee moc y • ....................................................u...........
3so Reow•, * Wom ...............................................................
35M0 WInduitra! and cnvnwo al macftnery. nt c.. n.s.k. ...................................................
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36 ELECTRONIC AND OTHER ELECTRIC EQUIPMENT

2612- 7,niwmajrnmr. escept eiemton ..............................................................
36,22 Power end 4-ww"Abo un.Iot"W- ...........................................................

2612d Specialt Ieanorf oneom b
3. . . . . . . . . . . . . . . . . . . . .

...
. . . . 

......................

26126 Cowwuerml. ,ouum~oria wc rauswo gonW.urpase vansora........................-------
36127 P. v remgisiors loosims. are 01 wu0!el .... ... . .

M120 Trartborers. flaX ..--. .-.------------- .--. .-- ------ .

3613- Swoofemo MWd eu426*wUor apoaus -- -.---....... - -----..-

36133 Law V~ I It . arid *we bmJ~a.._____ - --.---
36136 a~m erd l eampom mo ~~ 2300 0'ub- .-.--------

36126 Dut,. I sk wrn. 1&& 000 %o or bom .....
26126 S-*rw. slowducts ad G......... ... ....- - - .
361M) 5wevvegar arv 5wtww0a samm=&4.&%. ~.L........ .............................
361 I obr horepower..m...------- .-................
32621 WnW hreoemo"acoatrt..................... .

23121 Lameguvimotln tWeepe mid gI beetV.............. .. . ..................
362-12 Wan gemw upw SOW . ........ ............... . ........... ...............
362,7 Pwi raom . loU saw' ........ ......................................

32616 boare Maurn goW'~ tor vt .. .......... ...-.... ~.............. .
IBM¶ pangfoIr mrh"weig owewro .u............................... -.. ...
3621 hima and goomwa. ft.aj.___________

214- caromMWgatfePous - -- - ---- .--------.--- --
36241 Sm ...................................- ...-.......

20624 Celton and VU3'-e prma f-. .. ............

362.40 Calw^ mad "u*a cooro . . ...~...... .
3= r""~ fo ,. a-moft loa msomo P

loyM -ool Pwpo vjSW -omb --_ _ -.----. -

3024 70% for klou contrlsan wi -~ d in _________

-6M Amms ndWMW -~ -, ?,&L.
392- SIMUN bld=d SPWA

361 coomoms lor imitan iam

36311 01 .. , - store, Ong surface
36312 a tw~aiii. VMML rn a5 a ____________-________
36214 0MW bs&Aen~ Ms"e Ml CC"w .mWAIWO
26310 Hmavehold - , , 13 eowoflL r.LL .....

262- household rwhigea-a-r ~a" ovles---- --- .---- ------ ----
23m1 NHousehold ~
3632 Food.......
3632 Pailtrn --- h -al -, f t ovrns aWd 110=03 ......

*36M20 Nammio mtromuf and towsm fL-aX . ....

3622- Househol buef equillment ............... . ....... .-----------..-- ...------

363 Up-hWb0y ww.f& ig.and Mg an . . .

MU2- Electric housewares and fans.............. ......... .........................
36341 Elecm c tan.. except OKIWWlfa types ..................... .........................
23U4 Smog $0cm hcus~ aor"i" *zow. WWn. . ..... ... .~...... .....
30149 Pat% and atta--vaeft lr smat lousal abepac eepklariew ................. . ..............
63040 SleeCt hoas-a-a, end tWar4.k ................... ................. . ............

3635- No-mafte vacum cdeemn ........................ . ...................-.......
363m I.OUSahab1 VOMAIM P0O4-11. OC16419 01113 aid SMe~awrw............. . ...............
2639.- Nousehoid appflencasr.c .....................................................
26231 l~usoaiww &Wa healeS. aba=Uý.2................. .. . . ........................
36392 HMcligid Water healeS. ascopl ..ecWC' ....... ..............................
3621 om0'rnatl@ apokances. reac.. anc zaW'h f or neflad AppanCesrL. nc.'........-.............
369.0 Moa-glOW a~oli-neg, .Sr ft...................................................................

2841- Electi otb hin (bumse ant tubes) ................................ -.....-............-

36.411 F,"- arc ro buft ang u............... .......... .................
36.L*2 Eiicarre Max(*3 andc Ln)e c*cim......... ......................... ......
36910 Electrc anf" (buft am Less). PrLaL . ......... ... ....- ..... .......

3643- cutyeftmtcan~i5 wetbi 6.aas ......- ....... ........- ......... ......
26421 LarriphlOMb............... - .------... .............-. .....
316422 Ciorwunience and power ojors...................................................... ...
392613 -wOfthn for OWCVCW 0oirsc-? . ..................................

364 woeom w ...............................................--.........
33662 Wr Cuearvoctor for~ giewa .i,.. .......................

36A CWW8-~rVV vvaDeice S-.- .5................................................
36420 CA"nent-canrn wrniQ eeesea. P.1k.5. . . ...............................

36&'- Newwlcayn wfrbn do e ,...............-.........
36"41 Pclad vakPralleaom LW "Wn.Wae .S-a... . .. . . . .

26&42 Eiverical condw. and cardimi ~c"73.........................................................
36-43 ..~ v @.ciICsvm ... ......................................
364.4 Nonm vmiu~carr,.v ovwv Oend01. r.,.&.b.......................................................
3615. Residentm al u fkiling il...............................................................
36451 l~s'Oeeglaetc*.-* 1-¶vel .......................................................
36457 Plae s.19n"a kgtong~V ru....................................................
36'50 Resodeftal bgmwi4 fe.es. r..3K..........................................

646- Canrererplal aghUng "M~ures .............................................................
3662 Conrwne.aI &P4 msbloboma;lqr 4"jgr ...................................................

2643 ldmi ~e hfllrwe s...e..............................................................
3660 on irca I ~ nn # uex. r. ' 0 .............................
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36 ELECTRONIC AND OTHER ELECTRIC EOUIPMENT-Com.

3"47- V.hkAlmb %hg *V Ig O ................................... ......

3645 OUMM bp"an OGAWPOWI ... ........... .......................
26483 EIomc amnd . ow~cn bmg- oomofwIL n.s.c...... . ..............
364110 IV "n e.omw .* fte.c.. n~a.L -------- - ------.----- --- --

3"1- An" lemmi.ie. sIahoem, seorts ema.. Opaksf . anW relte sequse ..nt .........
36511 "swuL pomis. aud SwoYU ,ui

26614 Comuwo t~h eSoob w'iwww os ........................

36519 RaIft MV eWs~ 3 -PWU ~ n mn l

6l- -hmw mmwf and p amd so unwetW
36M~ IN Wo m M agr oveWoa ajic me" aisdos ....... .. . .......... . ..

341- vgoo- &"pwu and o n g-011 mpw m----- . .... ........... .......
.aa I Taipime Saewhm and 2-muarg **g4& ..............................

6613 C~ww be Samema arg mawso. i - ., aaum~y mew ...................
=is Tamhm dm me-eeD - 'aP mt 52a. opiu . ..................

3Ms@ Tam " -m uIsiorrv amgluL tim. .- ............. .....

3563 Rose and AWV*M OcMumuAbo -~~w ... .. ................
36M Cawwaicn won am Smowtm". az ooomO .

. 
..... .-......... ....

3663= ammooK lama amd famos **vo Smre;...
311M0 RaS ng 400-WO aMWViMM AClW -.LX---------

amw Cmmwsdoo -smomor ftm. .....
3NM Alo_ _ _ _ _ _.._ _ ..... . . . ...saa T.om camiamimms .....

04 ~ a n oo a - --- .................
- Commqimimmumm amlwn . ,.erc &Air.k. ... .....................

2SI- Ben om.a yo
3W713 Tmonm& b.MA And wem pmp eamw &a mA-

qL-1m II !WO ~ * a o-f fOa
35"S1 'Woi
WISMO mo amms.
302- ##be 9*0b=
WW PNN so ait
SUD- 3oieiocmaw Felw- o
3W42 Tr~n
354 mwso m@e

31116- Buaf -*dw
3676 8ca~a'i nmpm-. .......................... .-...

36760 Rnegisari or , - - Cckaijm .............
3677- .urVDIII cOll anW WVaSf9iOc*u
36770 COWa V ufw"MMs rMSCmW. and 010kall.........................

2678- Canncavad forub elecuunlc. . . ............... ..... .26751 COMWm EIM =Wo~veW a ... . .......................... ..

257813 Reak6n mov e lr feCiL-9g6 ) cw V Ui ... ..............................
36711A pntae .' m a mmc~vemas ....... . ................. ........
36755 Dew wmeo rscu tow aleCuunl arcory. man3........... ....... ............
W6OO Ceareasur fo o~ewCft craiy. ftLk . ... ............ .........

3679- WElcirenlc aomponens n . . ... ...............................
26731 Crtmla. MV&Pars moiscmc. ane 0mw 'alaO G w.... ........................
2672 M~croS-0a mmpWonem il an c .............. a............. .......

36736 S-fcthes mecvaieca. far giecroric co w 3............................
X676 P ie airme asan die. ilsam oeg a b alm IIm4odols S.......................

367100 Elecosni componenl. ri.aex. Fsk ....................... Z..........

2391- Starage batteries ............... ........................
2C9I2 Slomag bOsmuato aa cme tpow. .35 ". I or .042 cu m amd amaaw ............ .....
26914 Storage batafies. mead sale *yp, larweral 7 1. awi m t or0& .- m ........... ........
36916 Storag bolners. eacaV. loea ace... .. ........................
369,0 Storag Psai . .Lk.....................................
3612- Oudnory balterlea. dry and wat ........................... ......
26220 Ptatisuy basmelsa. "r and r............. ..........................

36W- Eng4ne elocwk=i O QUuPF .......................... .... .........
3660-1 pree twornisa and caoie bo ...ee.. ...........................
36642 Anarrmlora. goene=masor l ad mv e m.s... ...................................
3654 Cranv ~ m~olar MI&tSfl ) ................... ........ ............

*361-i 1-m P P ............................................
26147 Compues anrwu elsoo sal guomeft %.a.: ........... ...................
36949 Pa" for a qs .Iecicsl and/p elecrwwi OQ ueg m en
36"-0 Engine acicaC l oq.uomfwi V o ........ ..................... .......
26*S- Magneoc and wocli receflln ow.... e................. a...........
3635 Magsewwac nd coacal recren media Iuuvac ed)S ........................
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